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TRANSLATION 



Unexamined PubllsHed Japanese Patent Application 
No. S60- 121207 



Title of the Invention: 



Process for Producing Ultrafine Particles 
Publication Date: June 28, 1985 
Patent Application No. S58- 225363 
Filing Date: December 1, 1983 
Applicant: Tosoh Corporation 

Inventor: H. Sudo, I* Hirano and K. Nishizawa 



1. TITLE OF THE INVENTION 

Process for Producing Ultrafine Particles 

2- ^CLAIMS. 

1. A process for producing ultrafine particulate niobium, 
comprising reacting a niobium halide with sodium in a gaseous 
phase . 

2. The process as claimed in claim 1, wherein the reaction 
is performed at a temperature not higher than the boiling point 
of sodium halide which is generated as a by-product. 

3. The process as claimed in claim 1 or 2, wherein the 
niobium halide is introduced into a reaction chamber at a high 
linear velocity. 

4. The process as claimed in claim 3, wherein the niobium 
halide is introduced into a reaction chamber at a linear 
velocity of at least 1 m/sec. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a process for 
efficiently producing ultrafine particles of metal niobium by 
reacting a niobium halide with sodium (hereinafter referred to 
as "Na") in a gaseous phase. The terra "ultrafine particle 
powder" as used herein means a powder having a particle sxze of 
1 lira or less. Owing to the fineness, ultrafine powder materials 
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exhibit properties utterly different from those in the bulk 
state and are expected to bring new uses. 

With respect to the process for producing metal ultrafine 
powder, physical processes such as atomization and evaporation 
in gas, and chemical processes such as thermal decomposition, 
gas reduction and gas phase reaction . are known. The gas phase 
reaction is a process of reducing a vapor of a metal chloride 
or the like by Hj, CO or the like to obtain a fine particle 
material. According to this process, a continuous operation can 
be performed, however, the objective material which can be 
formed into ultrafine powder is disadvantageously limited 
because Hj or CO is weak in the reducing power. Furthermore, 
this process requires a relatively high reaction temperature. 

According to the gas evaporation process, in the case of 
a high melting point metal (e.g., Nb, Ta, Mo, W) having a low 
vapor pressure, the production itself of ultrafine particles is 
very difficult. 

In general, for obtaining ultrafine particles by a gas 
phase reaction, it is necessary to realize a high 
oversatxaration degree ratio (i.e., actual vapor pressure/ equil- 
ibrium steam pressure) and thereby elevate the nucleation rate. 
The reducing reaction between a niobium halide and sodixm in 
the present invention proceeds as shown in the following scheme 
(1): 

NbXs + 5Na -> Nb + 5NaX (X=halogen) 
(g) (g) (s) (s) 

In the gas phase reaction, all products are obtained as 
solid. Therefore, the temperature region is broad and a liigh 
overs aturat ion degree ratio can be stably obtained. Furthermore, 
since Na used has a strong reducing power and a relatively low 
vapor pressure, the reaction proceeds at a high rate. 

In addition, the structxire of reactor, the method of 
introducing the reaction gas, the heating method and other 
structural factors are also important factors in the production 
of ultrafine particles. 



By taking account of these, the present inventors hiave 



made studies for a method of efficiently obtaining ultraf ine 
particulate niobium, as a result, they have accomplished the 
present invention. 

The present invention will be described in detail below. 
A niobium halide and Na each is vaporized in an inert gas. 
Thereafter, Na steam and then a niobium halide are fed at a 
high linear velocity into a reaction chamber maintained at a 
reaction temperature. The niobium halide used here may be any 
of niobium chloride (hereinafter referred to "NbClj"), niobium 
bromide (hereinafter referred to as "NbBrj"), niobium iodide 
(hereinafter referred to as "Nbis"), niobium fluoride 
(hereinafter referred to as "MbFj") and lower halides thereof. 
Whichever is used, a metal niobium having a particle size of 1 
\m or less can be obtained. 

In the following, the present invention is described in 
detail by specifically referring to the case where NbCls is used. 
With respect to the ratio between NbClg and Na, the equivalent 
is, as shown in scheme (1), 1:5 in terms of a molar ratio. In 
the present invention, it may be sufficient in practice if the 
ratio is equivalent, however, the reaction is preferably 
performed at a ratio of from 0.5 to 2.0 equivalent, more 
preferably from 0.8 to 1.2 equivalent. If the ratio is less 
than 0.8 equivalent, the loss of NbClj increases, whereas if it 
exceeds 1.2 equivalent, not only this is unprofitable but also 
a cumbersome treatment for excess Na is necessary. 

The reaction starts at 300**C or higher, therefore, the 
reaction temperature is suitably 300°C or higher and in order to 
increase the nucleation rate, the upper limit of the 
temperature is preferably not higher than the boiling point of 
NaCl, namely, 1,400°C or lower, more preferably not higher than 
the melting point thereof, namely, 800^'C or lower. When the 
reaction is carried out at a temperature not higher than the 
melting point, particles having a vinifoxm size can be obtained. 

The vaporized NbClg is preferably kept at a temperature 
not lower than the dew point and fed at a high speed into a 
reaction chamber where Na steam is previously introduced. 



With respect to the speed in blowing the gas into the 
reaction chamber, the gas is preferably introduced at a high 
lineeir speed so as to obtain an ultrafine product. The blowing 
speed is not particularly limited as long as it is 1 m/sec or 
more, however, in view of the limited length of the reaction 
chamber, the blowing speed is preferably 3 m/sec or less. 

The reaction is usually performed under atmospheric 
pressure, however, if the equipment eillows, the reaction may be 
performed under ireduced or increased pressure. 

At the time of collecting the produced ultrafine niobium 
powder, the by-product NaCl and the excessive Na, the 
temperature condition is not particularly limited and Na may be 
separated while collecting those by keeping the temperature at 
lOO'^C or higher, or those may be cooled to 0°C or lower and then 
collected. 

From the products collected, Na and NaCl can be easily 
removed using an organic solvent not containing water. After 
the rinsing, the ultrafine particle having attached thereto the 
organic solvent is dried in an inert gas or dry air containing 
oxygen at 50°C or lower to form an oxide film on the suorf ace of 
the ultrafine particle, so that the ultrafine particle can be 
stabilized. 

According to the present invention, metal niobium of a 
particle diameter of from 0.05 to 0.2 jjim can be obtained in a 
high yield. 

Furthermore, this is an instantaneous reaction occurring 
at a relatively low temperature, therefore, the production can 
be attained with extremely high efficiency. 

In addition, sodium as a reducing agent is relatively 
inexpensive, therefore, the production cost is low. 

The present invention is described in greater detail 
below by referring to the following Examples. 

p:K9mple Jl 

600 g of NbClj having a purity of 99.9% which was 
obtained by chlorinating a commercially available f erroniobiura 
and removing impurities in a usual manner, was charged iato an 
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NbClj hopper. 

A commercially available Na was kept at 760'*C in a 
vaporizer and the Na vapor (Na: 5 g/min) was introduced from 
the upper portion of a vertical reaction chamber kept at 800*'C 
using 11 X/min of Ar gas as a carrier gas. On the other hand, 
NbClj was fed from the hopper to a vaporizing chamber kept at 
300*^0 at 10 g/min by means of a screw. The NbClj was then 
introduced into the reaction chamber through a nozzle at a 
linear velocity of 1 m/sec using 1 X/min of Ar. 

The ratio of Na was 1.2 times equivalent to NbClg. A 
mixture of Nb ultraflne powder, sodium and sodium chloride was 
guided from the outlet at the lower portion of the reaction 
chamber to a collector and after the completion of reaction, 
the collector as a whole was taken off from the reactor. To the 
mixture, 1 X of ethyl alcohol was added to dissolve Na and the 
ethyl alcohol was removed by sedimentation. To the resulting 
slurry, 9 X of ethylene glycol was added to dissolve NaCl and 
the niobium ultrafine powder was separated by sedimentation and 
washed with ethyl alcohol . 

The ultrafine powder slurry in the ethyl alcohol was 
stabilized by vaporizing the ethyl alcohol in dry air at room 
temperatuore and thereby oxidizing the ultrafine powder surface. 

The thus-obtained ultrafine niobium had the following 
results : 

Yield: 180 g {yield: 87%) 

Particle diameter: 0.05 to 0.1 [im 
Nb: 94.4% 
O: 5.6% 



Fig. 1 is an electron microphotograph (x50,000) of the 
ultrafine particulate niobium. 
gxample 2 

Using the apparatus used in Example 1, NbBrj and Na were 
reacted with each other. 

More specifically, NbBrj was vaporized at a rate of 8.3 
g/min and blown into a reaction chamber through a nozzle. At 



CI: 



0.1% 



the same time, Na vapor passed through the reaction chamber 
kept at 600''C, at a rate of 2 g/min. In these, Ar gas as a 
carrier was used at a rate of 2 X/min and 1,5 >y,/min, 
respectively. 

Using 1.5 liter of 2-aminoethanol and 3 liter of ethanol, 
Na and NaBr were removed and at the same time, the ultrafine 
powder produced was stabilized. 

Yield: 90%, 85 g 

Nb: 92% 
O: 8% 
Br : n - d . 

Particle diameter: 0.2 jim 

FIG. 1 is an electron microphotograph (xlO,000) of the 
ultrafine particulate niobium obtained. 

4. BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an electron microphotograph {x50,000) of 
ultrafine particles obtained by a reaction between NbClj and Na. 

FIG. 2 is an electron microphotograph (xl0,000) of 
ultrafine particles obtained by a reaction between NbBrj and Na. 




FIG. 1 FIG. 2 
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Re: European Patent No. 0 946 323 



I, Masako Kimura of 3-6, Namiki 7-chome, Abiko-shi, Chiba 
270-1165 Japan, do solemnly and sincerely declare that I xinderstand 
the Japanese language and the English language well, and that the 
attached English version is a true , accurate and faithful partial 
translation made by me of : 

Unexamined Published Japanese Patent Application 
No. S60-121207 

I make this solemn declaration conscientiously believing the 
same to be true. 



This ninth day of July, 2004 




Masako Kimura 
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